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Next-generation manufacturing will add more value during fabrication by placing greater emphasis on tailoring the specific properties of materials to specific uses. Highly specialized processing of metals, ceramics, and polymers stacked in interpenetrating layers will yield radical improvements in materials' strength and toughness and greatly reduce weight. Techniques for producing semiconductor materials at lower temperatures will dramatically reduce defects in devices of extremely small geometry. The design of next-generation manufacturing equipment will occur along with the design of the processes that will use this equipment and will draw on extensive bodies of performance data and user experience. Recognizing the productivity gains that can be realized from improved equipment availability, manufacturing managers will implement extensive programs of predictive maintenance. Maintenance will be performed by equipment operators, interacting synergistically with intelligent control systems capable of predicting and, in some instances, preventing or automatically remedying, equipment and control systems failures.
Intelligent control will extend throughout the manufacturing system. Autonomous control systems that achieve synergy between human and machine will exploit human powers of perception, pattern recognition, and problem solving in conjunction with machine capacity for manipulating vast amounts of quantitative data to learn from each situation encountered and decision made. The plant will become a locus of learning; linkages among individual intelligent controllers will support a systemwide view of the interrelationships among unit operations in the manufacturing cycle, facilitating the timely sharing of important process revisions, quality information, and overall system objectives.
Product realization techniques will increasingly substitute the content of a burgeoning knowledge base for traditional material inputs to the manufacturing process. The reduction of product and process specifications and manufacturing capabilities to intelligent images, capable of interacting with one another, will permit entire product life cycles to be simulated to evaluate tradeoffs before producing a prototype. Indeed, prototypes will increasingly become the first units of production rather than preproduction models. Emphasis on maximizing capacity utilization and minimizing investment will shift production to a largely subcontracted function. Firms, radically restructured internally, will use advanced communications technologies to manage external relationships in a constantly shifting pattern, often cooperating and competing on different contracts at the same time. Global information sys-